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Abstract 
 
Raman spectroscopy at both 298 and 77K has been used to study a series of selected 
natural smithsonites from different origins.  An intense sharp band at 1092 cm-1 is 
assigned to the CO32-  symmetric stretching vibration. Impurities of hydrozincite are 
identified by a band around 1060 cm-1. An additional band at 1088 cm-1 is observed in 
the 298 K spectra but not in the 77K spectra is attributed to a CO32- hot band. Raman 
spectra of smithsonite show a single band in the 1405 to 1409 cm-1 range assigned to 
the ν3 (CO3)2- antisymmetric stretching mode.  The observation of additional bands 
for the ν3g modes for some smithsonites is significant in that it shows distortion of the 
ZnO6 octahedron  No ν2 bending modes are observed for smithsonite. A single band at 
730 cm-1 is assigned to the ν4 in phase bending mode.  Multiple bands be attributed to 
the structural distortion are observed for the carbonate ν4 in phase bending modes in 
the Raman spectrum of hydrozincite with bands at 733, 707 and 636 cm-1.  An intense 
band at 304 cm-1 is attributed to the ZnO symmetric stretching vibration.  
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Introduction 
 
 Smithsonite is naturally occuring zinc carbonate 1.  It is hexagonal with point 
group 3bar 2/m.  The mineral is named for James Smithson, the founder of the 
Smithsonian Institution (USA).  The mineral is reknowned for its pearly lustre and 
comes in a range of colours which vary across all colours of the visible spectrum. 
Although it must be stated that no studies have been undertaken to explain the colours 
of the minerals even though chemical analyses of the coloured smithsonites have been 
undertaken. Carbonates with intermediate sized divalent cations normally crystallise 
in the calcite structure 2. Those with larger cations have an aragonite type structure. 
 
Of the secondary minerals of zinc only two minerals are known namely 
smithsonite and hydrozincite. The formation of these minerals is controlled by the 
partial pressure of CO2  3,4.  According to the equation for the formation of 
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hydrozincite 5ZnO(s) + 2 CO2 (g) ↔ Zn5(CO3)2(OH)6 (s) with logK = 10.32 3. Thus 
ZnO is unstable with respect to hydrozincite at partial pressures above 10-5.16.  If the 
partial pressure of CO2 increases above 10-1.41 smithsonite formation is favoured 
according to the reaction Zn5(CO3)2(OH)6 (s) + 3CO2 (g) ↔ 5ZnCO3 (s) +3 H2O (g).  
These results provide implications for the relative stability of hydrozincite and 
smithsonite. Thus zincite (ZnO) is a rare mineral and smithsonite is only stable at 
elevated CO2 partial pressures.  The partial pressure range for the stability of 
hydrozincite according to Williams is limited and no doubt this accounts for the rarity 
of the mineral in nature 4.  The mineral can be readily synthesised in the laboratory 
and is often found in corrosion products of zinc 5-7. In the presence of tenerite (CuO) 
the formation of malachite and/or azurite is favoured at the expense of hydrozincite 4. 
Often the assembalge malachite-hydrozincite-hydrocerrusite is the stable system at 1 
atmosphere CO2 pressure.   
 
 Vibrational spectroscopic studies of carbonate minerals have been undertaken 
over an extended period of time 8-10. Adler and Kerr showed that differences in the 
infrared absorption spectra of carbonates were a function of cation size 8.  Some NIR 
studies have been undertaken 11,12 . Raman studies also have been forthcoming but not 
in recently 13-15.  Farmer reported the vibrational wavenumbers of calcite structured 
minerals (table 12. IX page 239) 2.  In this table the band positions for smithsonite 
were listed as 1093 cm-1 (ν1 symmetric stretching mode), 1412 and 1440 cm-1 (ν3 
antisymmetric stretching mode), 870 cm-1 (ν2 in-plane bending mode), 733 and 743 
cm-1 (ν4 out of plane bending mode) with lattice modes at 307, 200, 165 cm-1.  Some 
variation of band positions is found in the literature.  
 
Raman spectroscopy has proven very useful for the study of minerals 16-18. 
Indeed Raman spectroscopy has proven most useful for the study of diagentically 
related minerals as often occurs with carbonate minerals 19-23.  Some previous studies 
have been undertaken by the authors using Raman spectroscopy to study complex 
secondary minerals formed by crystallisation from concentrated sulphate solutions 24.  
The aim of this paper is to present Raman and infrared spectra of natural smithsonites 
and to compare the results with synthetic smithsonite and synthetic hydrozincite and 
to discuss the spectra from a structural point of view. The paper is a part of systematic 
studies of vibrational spectra of minerals of secondary origin in the oxide supergene 
zone and their synthetic analogs.         
 
Experimental 
 
Minerals 
 
Selected minerals were obtained from the Mineral Research Company and 
other sources including Museum Victoria.  The samples were phase analysed by X-
ray diffraction for phase analysis and for chemical composition by EDX 
measurements.  
 
X-ray diffraction 
 
XRD analyses were performed on a PANalytical X’Pert PRO X-ray 
diffractometer (radius: 240.0 mm).  Incident X-ray radiation was produced from a line 
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focused PW3373/10 Cu X-ray tube, operating at 45 kV and 35 mA, providing 
Kα1wavelength of 1.540596 Å. The incident beam passed through a 0.04 rad, Soller 
slit, a ½ ° divergence slit, a 15 mm fixed mask and a 1 ° fixed anti scatter slit.  After 
interaction with the sample, the diffracted beam was detected by an X’Celerator 
RTMS detector.  The detector was set in scanning mode, with an active length of 
2.022 mm.  Samples were analysed utilising Bragg-Brentano geometry over a range 
of 3 – 75 ° 2θ with a step size of 0.02 ° 2θ, with each step measured for 200 seconds.   
 
EDX analyses 
 
Smithsonite samples were coated with a thin layer of evaporated carbon and 
secondary electron images were obtained using an FEI Quanta 200 scanning electron 
microscope (SEM). For X-ray microanalysis (EDX), three samples were embedded in 
Araldite resin and polished with diamond paste on Lamplan 450 polishing cloth using 
water as a lubricant. The samples were coated with a thin layer of evaporated carbon 
for conduction and examined in a JEOL 840A analytical SEM at 25kV accelerating 
voltage. Preliminary analyses of the zippeite samples were carried out on the FEI 
Quanta SEM using an EDAX microanalyser, and microanalysis of the clusters of fine 
crystals was carried out using a full standards quantitative procedure on the JEOL 840 
SEM using a Moran Scientific microanalysis system. Calcite was used as a standard 
for Ca and C. Oxygen was not measured directly but was calculated using assumed 
stoichiometries to the other elements analysed. 
 
Raman microprobe spectroscopy 
 
The crystals of hydroxy carbonates  were placed and oriented on the stage of 
an Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a 
Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. In order to ensure that the correct spectra are obtained, the incident 
excitation radiation was scrambled.  Previous studies by the authors provide more 
details of the experimental technique. Spectra at liquid nitrogen temperature were 
obtained using a Linkam thermal stage (Scientific Instruments Ltd, Waterfield, 
Surrey, England).  Details of the technique have been published by the authors 25-28. 
 
Mid-IR spectroscopy 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.6329 cm/s. Spectra were co-added to improve the signal to 
noise ratio. 
      Spectral manipulation such as baseline adjustment, smoothing and normalisation 
were performed using the Spectracalc software package GRAMS (Galactic Industries 
Corporation, NH, USA). Band component analysis was undertaken using the Jandel 
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‘Peakfit’ software package which enabled the type of fitting function to be selected 
and allows specific parameters to be fixed or varied accordingly. Band fitting was 
done using a Lorentz-Gauss cross-product function with the minimum number of 
component bands used for the fitting process. The Gauss-Lorentz ratio was 
maintained at values greater than 0.7 and fitting was undertaken until reproducible 
results were obtained with squared correlations of r2 greater than 0.995.  
 
Results and discussion 
 
X-ray diffraction 
 
 The characteristic X-ray diffraction patetrns of the smithsonites studied in this 
work are shown in Figure 1, together with the standard reference pattern [01-083-
1765].  The reference patterns of possible impurities are also shown.  What is 
concluded is that the smithsonites studied in this work are pure with only traces of 
impurities.  According to Anthony et al. impurities of hydrozincite, hemimorphite, 
cerrusite, malachite,azurite and aurichalcite could be expected 1. Impurities of fluorite 
and hydrozincite were found in the samples. It is enviasged that as smithsonite 
crystallises from solution according to the reaction 
Zn2+ + (CO3)2-  → Zn(CO3) (s). 
 
EDX analyses 
 
 The results of the EDX analyses are reported in Table 1. The composition of 
the smithsonite in terms of cation content varies form 0.85 to 0.99. becuase the 
method used for the analyses involves coating the mineral with carbon, the carbon and 
oxygen content were not determined. The colour of the mineral is determined by the 
impurities in smithsonite through isomorphic substitution of the Zn by for example 
Cd.  Yellow smithsonite is assocaited with the presence of Cd even though CdCO3 
(otavite) is white. Green coloured smithsonite is due to the presence of Cu. Many 
smithsonites have several cations in the structure.  
 
Theory 
 
The free ion, CO32- with D3h symmetry exhibits four normal vibrational 
modes; a symmetric stretching vibration (ν1), an out-of-plane bend (ν2), a doubly 
degenerate asymmetric stretch (ν3) and another doubly degenerate bending mode (ν4). 
The symmetries of these modes are A1´ (R) + A2´´ (IR) + E´ (R, IR) + E´´ (R, IR) and 
occur at 1063, 879, 1415 and 680 cm-1 respectively. Generally, strong Raman modes 
appear around 1100 cm-1 due to the symmetric stretching vibration (ν1), of the 
carbonate groups, while intense IR and weak Raman peaks near 1400 cm-1 are due to 
the antisymmetric stretch (ν3). Infrared modes near 800 cm-1 are derived from the out-
of-plane bend (ν2). Infrared and Raman modes around 700 cm-1 region are due to the 
in-plane bending mode (ν4). This mode is doubly degenerate for undistorted CO32- 
groups. As the carbonate groups become distorted from regular planar symmetry, this 
mode splits into two components. Infrared and Raman spectroscopy provide sensitive 
test for structural distortion of CO32-. 
 
Raman spectroscopy 
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 The Raman spectra of smithsonites from different origins at 298 K in the 700 
to 1200 cm-1 region are shown in Figures 2a and 2b. An intense Raman band at 1092 
cm-1 is observed for all of the samples studied. This band is attributed to the ν1 (CO3)2- 
symmetric stretching mode.  The band is very sharp with halfwidths (HWHH) 
between 8.0 and 8.8 cm-1.  A second band at around 1088 cm-1 is observed in all of 
the spectra. The band is broad with band widths varying between 16.8 and 23.1 cm-1.  
In the Raman spectra of smithsonite at 77 K an intense sharp band at 1092 cm-1 is 
observed with bandwidths between 8.1 and 10.4 cm-1. No band at 1088 cm-1 is 
observed in the 77 K spectra. It is concluded that this band in the 298 K spectra is a 
hot band. A low intensity band at 1056 cm-1 in both the 298 and 77 K spectra for the 
smithsonite from namibia is attributed to traces of hydrozincite in this mineral. 
 
The Raman spectrum of synthetic hydrozincite shows an intense sharp band at 
1062 cm-1. Other low intensity bands for synthetic hydrozincite are observed at 1078 
and 980 cm-1. The latter Raman band at 980 cm-1 is assigned to the δ OH deformation 
mode.  The Raman spectrum of synthetic smithsonite shows a sharp band at 1092  
cm-1.  The symmetric stretching bands of carbonate for azurite and malachite were 
observed at 1090 and 1095 cm-1 29.  The band for gaspeite is observed at 1088 cm-1. 
Farmer (p239)  reports the position of the symmetric stretching mode for smithsonite 
as 1093 cm-1 2.  The position of this band is a function of the crystal structure of the 
carbonate mineral. The structure of smithsonite like calcite belongs to the space 
group, R3c. The calcite group is composed of minerals with the general formula, 
ACO3, where "A" can be divalent cadmium, calcium, cobalt, copper, iron, 
magnesium, manganese, nickel and/or zinc. This group is an interesting contrast to the 
aragonite group. The structure of the calcite group is stable at ambient temperatures 
and pressures only with smaller metal ions than the aragonite group. If the ion is 
larger than calcium, the structure relates to the aragonite group. Alternatively, if the 
ion is smaller than calcium, the structure refers to the calcite group. It is of interest to 
note  that the aragonite mineral is dimorphous with calcite mineral in that they have 
the same calcium carbonate chemistry, but different structures. The size of calcium 
ion is the same for both  minerals, but other conditions such as crystallization 
temperatures, pressures and other parameters  decide if the mineral is calcite or 
arogonite.  
 
 Raman bands in the 1350 to 1410 cm-1 region are attributed to ν3 (CO3)2- 
antisymmetric stretching modes. The smithsonite samples from Namibia (pink), 
mexico and Ireland show a single band in the 1405 to 1409 cm-1 range. Farmer reports 
two bands in this spectral region for smithsonite at 1412 and 1440 cm-1 2.  These 
bands are attributed to the ν3g and ν3u modes. For the smithsonite from Namibia 
(clear) additional bands are observed at 1397 and 1368 cm-1.  For the spectra in Figure 
3b additional bands are observed in the 1386 to 1394 cm-1.  In calcite type minerals , 
Ca or Zn occupies a unique octahedral site with point group symmetry 3 . Cell six Ca-
O distances are identical (2.36 Å) and the CaO6 octahedron  is only slightly trigonally 
elongated.  The Mg2+, Co2+, Zn2+, Cu2+, Fe2+, Mn2+ and Ni2+ all of which occur 
commonly in octahedral coordination where as for the larger ions like Sr2+, Pb2+ and 
Ba2+ usually have a higher coordination number. It is well known that SrCO3, PbCO3 
and BaCO3 form only in the aragonite structure in which the coordination of the metal 
is ninefold.  The observation of additional bands for the ν3g modes is significant in that 
it signifies distortion of the ZnO6 octahedron.  The spectra of selected smithsonites at 
77K in the 1350 to 1450 cm-1 region show a slight shift of the position of the ν3g  band 
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to lower wavenumbers. Additional bands for smithsonite (New Mexico, aqua green 
and light green) show an additional band at 1380/1381 cm-1.  A single band for 
synthetic smithsonite is observed at 1408 cm-1.  For synthetic hydrozincite bands at 
1545 and 1380 cm-1 are found. These bands may be ascribed to the ν3 (CO3)2- 
antisymmetric stretching modes.  In the infrared spectrum of synthetic smithsonite a 
broad spectral profile centred on 1392 cm-1 is observed and is assigned to the ν3 
(CO3)2- antisymmetric stretching modes.  In the infrared spectrum of synthetic 
hydrozincite bands are observed at 1505, 1383 and 1338 cm-1.  The band at 1380 cm-1 
for smithsonite (New Mexico, aqua green and light green) may be attributed to 
hydrozincite in the mineral sample.  
 
 In the spectra shown in Figures 2a,b bands are observed at around 730 
cm-1. An expansion of the 700 to 750 cm-1 region for the spectra at 77 K is shown in 
Figure 4.  The bands are not symmetric indicating component bands may be present. 
The spectral profile is attributed to the carbonate ν4 in phase bending modes. For 
smithsonite only a single band at 730 cm-1 is observed. Interestingly Farmer (based 
upon the work of Moenke 10) reported two infrared bands for hydrozincite at 738 and 
710 cm-12.  Farmer also reported only a single band for smithsonite at 733 cm-1. In the 
infrared spectrum of synthetic hydrozincite a broad complex spectral profile is 
observed with two bands at 737 and 707 cm-1 observed.   In the infrared spectrum of 
synthetic smithsonite two bands at 743 and 715 cm-1 are observed.   It is interesting 
that in the Raman spectrum of aurichalcite three bands are observed at 752, 733 and 
708 cm-1. The equivalent Raman bands for malachite are observed at 752 and 717 cm-
1.  In the infrared spectra bands are observed at 779, 754 and 701 cm-1 for azurite and 
at 780, 750 and 715 cm-1 for malachite 29.   
 
 The ν2 bending mode for carbonates varies from around 890 cm-1 to 
850 cm-1.  For smithsonite Farmer reported an infrared band at 870 cm-1 2.   For 
hydrozincite the infrared band was observed at 837 cm-1 2.  In this work no Raman 
bands are observed for the natural smithsonites in this position. In the infrared 
spectrum of synthetic hydrozincite bands are observed at 888, 832 cm-1 with a broad 
feature at 799 cm-1.  In the infrared spectrum of synthetic smithsonite two bands are 
observed at 864 and 834 cm-1. These bands are assigned to the carbonate ν2 bending 
mode.  The observation of more than one ν2 mode suggests symmetry reduction of the 
carbonate anion in the structure.  For aurichalcite two Raman bands may be resolved 
at 860 and 845 cm-1.  Only a single band at 817 cm-1 is observed in this region for 
malachite.  The infrared spectrum of malachite showed two bands at 879 and 821 cm-1 
29.  This infrared spectral region is more complex for azurite with bands observed at 
872, 837, 815 and 796 cm-1. 
 
 In the low wavenumber region of the Raman spectra of smithsonite an intense 
band at 304 cm-1 is observed (Figures 5a and b). This band is attributed to the ZnO 
symmetric stretching vibration.  Some small variation in the position of this band is 
observed. This is probably a function of the cation substituting for Zn in the 
smithsonite mineral.  The band is observed in the same position in the 77K spectra.  
Farmer listed a series of bands at 307, 200 and 165 cm-1 which was simply described 
as lattice modes 2.  In the Raman spectrum of synthetic smithsonite two prominent 
bands are observed at 304 and 198 cm-1.  This latter band may be attributed to OZnO 
bending modes. The band is observed at around 200 cm-1 in the 77 K spectra. Farmer 
reported lattice modes in the infrared spectrum of smithsonite at 307, 200 and 165 cm-
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1 2. For synthetic hydrozincite Raman bands are observed at 385, 346, 272 and 227 
cm-1.  Bands in this spectral region have not been previously defined and are often 
simply described as lattice modes.  For the mineral hemimorphite an intense Raman 
band is observed at 330 cm-1. This band is attributed to the ZnO stretching vibration. 
A second band is observed at around 280 cm-1 and is assigned to a OZnO bending 
vibration.  The intense bands at 168 and 132 cm-1 are ascribed to the lattice vibrations.  
 
 
 
Conclusions  
 
 Of the secondary minerals of zinc only two minerals are known namely 
smithsonite and hydrozincite and their formation of is controlled by the partial 
pressure of CO2  according to the reactions  
5ZnO(s) + 2 CO2 (g) ↔ Zn5(CO3)2(OH)6 (s) and   
Zn5(CO3)2(OH)6 (s) + 3CO2 (g) ↔ 5ZnCO3 (s) +3 H2O (g).  In this research the 
Raman spectra of selected smithsonites from different origins were obtained to  
  
The Raman spectrum of and smithsonite shows intense sharp bands at 1092 
cm-1 assigned to the (CO3)2-  ν1 symmetric stretching mode.  Raman bands for 
synthetic smithsonite are observed at 1408 cm-1 and for hydrozincite bands at 1545 
and 1380 cm-1 ascribed to the ν3 (CO3)2- antisymmetric stretching modes.  For 
smithsonite only a single band at 730 cm-1 attributed to the ν4 in phase bending mode 
is observed. In contrast multiple bands are observed for the carbonate ν4 in phase 
bending modes in the Raman spectrum of hydrozincite with bands at 733, 707 and 
636 cm-1.  The number of bands observed in this spectral region may be attributed to 
the structural distortion of the mineral. No Raman bands are observed for natural 
smithsonites or hydrozincite are observed around 850 cm-1.  This is the expected 
position of the ν2 mode.   
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Smithsonite colour Zn Cd Pb Fe Mn Mg Al Ca Cu 
New 
Mexico 
aqua 
green 0.91 0.01
   
0.02 0.01 0.02 0.04 
Ireland yellow 0.96 0.03 0.01       
Mexico pink 0.85   0.06   0.01 0.01  
Mexico grey-
blue 0.92 0.02
  0.01
  .02 .02 
Namibia clear 0.99       0.01  
Namibia green 0.93 0.01       0.6 
 
Table 1 Table of EDX analyses of selected smithsonites 
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